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R FrrPTOR FOR A pArn UTS THT JRTNGIENSTS TOXIN 

Afllmowledg «>mwit nf GoverniTfnt Suonort 

Work resulting in the present invention was supported in part by Research Agreement 
58-319R-3-01 1 from the Office of International Cooperation and Development, U.S.D.A. and 
by Cooperative Agreement 58-5410-1-135 from the Arthropod-Borne Animal Disease 
Laboratory, Agricultural Research Service, U.SJ3.A. and by Grant HD-18702 from the 
National Institutes of Health. The U.S. government has certain rights in this invention. 

Technical Field 

The invention relates to receptors that bind toxins from Bacillus thuringiensts and thus 
to pesticides and pest resistance. More particularly, the invention concerns recombinantly 
produced receptors that bind BT toxin and to their use in assays for improved pesticides, as 
well as in mediation of cell and tissue destruction, dissociation, dispersion, cell-to-cell 
association, and changes in morphology. 

Background Art 

It has long been recognized that the bacterium Bacillus thuringiensis (BT) produces 
bacteriocidal proteins that are toxic to a limited range of insects, mostly in the orders 
Lepidoptera, Coleoptera and Diptera. Advantage has been taken of these toxins in controlling 
pests, mostly by applying bacteria to plants or transforming plants themselves so that they 
generate the toxins by virtue of their transgenic character. The toxins themselves are 
glycoprotein products of the cry gene as described by Hofte, H. et al. Microbiol Rev (1989) 
52242. It has been established that the toxins function in the brush border of the insect 
midgut epithelial cells as described by Gill, S.S. et al. Amu Rev EmglTlPl (1992) 22:615. 
Specific binding of BT toxins to midgut brush border membrane vesicles has been reported by 
Hofinann, C. et al. ^M-H Acad Sri USA (1988) 81:7844; Van Rie, J. et al. EurJBiochcm 
(1989) IS&239; and Van Rie, J. etal. Apr! FrHr™ Microbiol (1990) 5$:1378. 

Presumably, the toxins generated by BT exert their effects by some kind of interaction 
with receptors in the midgut. The purification of a particular receptor from Manauca sexta 
was reported by the present inventors in an article by Vadlamudi. RK. et al. JPiplChem 
(1993) 265:12334. In this report, the receptor protein was isolated by immunoprecipitating 
toxin-binding protein complexes with toxin-specific amisera and separating the complexes by 
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SDS-PAGE followed by electroelution. However, to date, there has been no structural 
information concerning any insect receptor which binds BT toxin, nor have, to applicants' 
knowledge, any genes encoding these receptors been recovered. 

Disclosure of the Invention 

The invention provides recombinant materials for the production of BT toxin-binding 
receptors as well as methods to employ these materials to generate receptors for use in 
screening assays for candidate pesticides. Since the native cDNA sequence encoding this 
receptor, designated BT-Ri, has been retrieved from the tobacco homworm, encoding DNA 
for receptors in other species of insects, as well as in other organisms, which have homology 
to homworm receptor can be obtained. 

Thus, in one aspect, the invention is directed to a polynucleotide in purified and 
isolated form which comprises a nucleotide sequence encoding a receptor that binds a BT 
toxin and other ligands and which has the requisite homology to the BT-R! protein. 

In other aspects, the invention is directed to expression systems for nucleotide 
sequences encoding the receptor, to methods of producing the receptor recombinant^, to the 
receptor as thus produced, to antibodies specifically immunoreactive with the receptor, to 
assay methods useful for screening candidate pesticides, to antisense polynucleotides 
corresponding to the coding sequence, to methods of targeting tissues and/or cells using the 
binding characteristics of the receptor, and to methods of manipulating tissues and/or cells 
using the function of the receptor. 

Brief Description of the Drawings . . .. 

Figure 1 shows the nucleotide sequence and deduced amino acid sequence of cDNA 
encoding the BT-Ri protein from A/, sexta. 

Figure 2 shows a comparison of amino acid sequences of cadherin motifs (BTRcad-1 
to 1 1) in BT-R| to those of other cadherins. 
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Modes of Car ryjnp fl Mt the Invention 

The invention provides, for the first time, sequence information concerning receptors 

that bind BT toxins in insect midguts. 

The BT-Ri cDNA clone retrieved as described in the examples below encodes a 
protein having an identical amino acid composition with that described for the native receptor. 
Furthermore, toxin-binding specificity and immunoreactivity are similar. The native 210 kD 
BT-Ri specifically recognizes cryIA(b) toxin of Bl-berliner, a Kj value of 708 pM was 
obtained for the native protein. 

The cryIA(b) toxin selectively kills M. sexta larvae with an LC50 of 7.5 ng/cm 2 of diet 
surface. BT-Rj binds the toxin under both reducing and nonreducing conditions and protease 
treatment of intestinal BBMV vesicles prepared fromM sexta showed that a 50 kD fragment 
of the 210 kD receptor is sufficient for toxin binding. The 50 kD toxin-binding domain is 
extracellular since the intestinal BBMV vesicles are oriented predominantly right side out as 
reported by Haase, W.H. et al. BjashsniJ (1978) 172:57. This is consistent with the 
characteristics of the deduced amino acid sequence of the cDNA clone described below, as 
well as with the binding of toxin to the surface of intact BT-Ri transfected human embryonic 
293 cells as described in Example 3. 

Whereas a particular cDNA clone from the tobacco hornworm has been described as 
illustration, the availability of this sequence information permits retrieval of corresponding 
receptors responsive to BT and related toxins from other species. This is conveniently 
accomplished by using the cDNA obtained in the present invention as a probe for screening 
cDNA or genomic libraries under conditions of stringency which eliminate false positives and 
retrieve substantially only corresponding receptors with coding sequences that are 
homologous to the coding sequence for the receptor of the present invention. Thus, the 
BT-R, protein itself and receptor proteins encoded by a nucleotide sequence homologous to 
the native nucleotide sequence encoding BT-R, are provided by the invention. Alternatively, 
PCR-mediated cloning can be used; however, this method does not take advantage of the 
detailed and complete information that resides in the availability of the nucleotide sequence 
encoding the full-length receptor fromM sexta. Also, PCR-mediated cloning introduces 
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crrors in natural DNA sequences. Thus, by using the full-length cDNA as a probe under 
conditions of appropriate stringency, only nucleotide sequences encoding the corresponding 
receptors will be obtained. The standard hybridization conditions include hybridization with 
nonspecific DNA such as salmon DNA at SOOC and washing at 4S0C. To obtain 
corresponding receptors having the lowest detectable homology with the receptor from 
M. sexta, the cDNA probe is hybridized under conditions of low standard stringency (30-3 70C 
and 4-6X SSC. More closely related corresponding receptors are obtained by hybridizing the 
cDNA probe under moderate standard stringency conditions (40-500C in IX SSC) 

The distribution of receptors of appropriate homology in the animal kingdom is 
believed to be fairly wide. Indeed, it is thought that higher organisms such as mammals, 
including primates, contain corresponding receptors which are homologous to BT-R| but 
respond to modified forms of BT toxins. In addition, other parasites such as nematodes, both 
those that afflict plants and those that afflict animals, will contain corresponding receptors. 

Although one of the advantages of the use of BT toxins as insecticides is its specificity 
for certain orders of insects, this specificity is believed to result from the particular structure of 
the BT toxin rather than the unavailability of a corresponding mechanism in other insect 
orders. Thus, modified forms of BT toxin would be effective with respect to insects which 
contain homologous but slightly different forms of the receptor from that of the BT-R, protein 
illustrated below. 

As used herein, "A receptor that specifically binds a BT toxin" refers to a receptor 
which is homologous to the BT-Rj protein illustrated herein and which binds to either BT 
toxins themselves or to BT toxins that are sufficiently modified so as to bind these receptors 
which provide the required homology to BT-Ri. 

The criteria for inclusion of a receptor in the present invention are the requirements 
that 1) it behave as a receptor - i.e., be capable of being displayed at the cell membrane; 2) it 
be sufficiently homologous to the BT-Rj receptor described herein that a nucleotide sequence 
encoding the protein hybridizes under the stringency conditions described above to the 
nucleotide sequence encoding BT-R ( as shown in Figure 1; and 3) when displayed on the 
surface of a cell, it is capable of binding a BT toxin or a modified form of BT toxin that exerts 
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a cytotoxic effect either on the cell in which the receptor resides or in a tissue with which the 
cell is associated. 

The structural characteristics of the "modified BT toxin" are defined by the functional 
property set forth above, but h may be convenient to design modified forms of BT toxin by 
conservative amino acid substitutions or other known protein-manipulating techniques applied 
to naturally occurring BT toxins. 

The presence of similar receptors in noninsect organisms as well as other insects 
besides those harboring BT-Rj is supported by the sequence similarity of the BT-Rj protein to 
that of the various members of the cadherin superfamily of proteins, which are membrane 
glycoproteins believed to mediate calcium-dependent cell aggregation and sorting. See, for 
example, Takeichi, M. Science (1991) 251:1451; and Takeichi, M N Rev Biochem (1990) 
59:237. 

Included in this superfamily are desmoglien, desmocollins, the Drosophila fat tumor 
suppressor, human intestinal peptide transport protein and T-cadherin. All of these proteins 
share common extracellular motifs although their cytoplasmic domains differ. Goodwin, L. et 
al Biochem Bionhvs Res Commun (1990) 173:1224; Holton, J.L. et al J Cell Sci (1990) 
27:239; Bestal, DJ. J Cell Biol (1992) U9:451; Mahoney, PA. et al £eJl (1991) 853; 
Dantzig, A.H. et al Science (1994) 264:430; and Sano, K. et al EMBOJ (1 993) 12:2249. 
Inclusion of BT-Ri in the cadherin superfamily is further supported by the report that EDTA 
decreases the binding of crylA(b) toxin of BT to the 210 kD receptor ofM sexta (Martinez- 
Ramirez, A.C. et al ftinchm Biophv s Res Commun (1994) 201 :782). 

It is noted below that the amino acid sequence of BT-Ri reveals that a calcium-binding 
motif is present. This is consistent with the possibility that cells having receptors to bind toxin 
may themselves survive although they render the tissues in which they are included permeable 
to solutes and thus effect disintegration of the tissue. Such a mechanism is proposed for the 
death of insects that ingest the toxin via the epithelial cells in their midgut by Knowles, B.H. et 
al Biochim Btophvs Acta (1987) 224:509. Such a mechanism is also supported in part by the 
results set forth in Example 4 hereinbelow which indicate that the effect of the toxin on 
embryonic 293 cells modified to express the receptor at their surface is reversible. 
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Thus, in summary, the invention provides a family of receptors that is able to mediate 
the negative effects exerted by BT toxin or its modified forms on the cells expressing the 
receptor, by damaging the cells themselves and/or the tissue or organ of which the cells form a 
part. The receptor may be expressed natively at the surface of the target cells or the target 
cells may be modified to contain an expression system which will effect the display of receptor 
at the surface. The availability of this family of receptors and recombinant methods for its 
production and for the production of cells displaying it at their sur&ces provides a number of 
opportunities to conduct screening assays for improved toxins, particularly insecticidal toxins, 
for generation of antibodies that can be useful as alternatives to chemotherapeutic agents for 
the destruction and/or dissociation of unwanted cells or tissues, and for the design of improved 
toxins and pharmaceuticals. 
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fciyninp Assays 

The availability of the recombinant family of receptors of the present invention permits 
design of straightforward screening assays for toxins which will interact successfully with 
these receptors resulting in measurable effects on the cells in which the receptors reside. 
Briefly, suitable host cells, such as COS cells for transient expression, CHO cells for stable 
expression, and a variety of other mammalian and insect host cells can be modified to contain 
expression vectors appropriate to the hosts for the production of the receptors of the invention 
displayed on the surfaces of the cells. Since the receptors are^natively membrane proteins, no 
particular design of the expression system is required in oraerfo effect their disposition at the 
cell surface. Expression vectors suitable for any desired host are generally known in the art. 
For example, for mammalian expression, suitable control sequences include the SV40 and 
adenovirus promoters as constitutive promoters, the metallothionein inducible promoter, 
suitable enhancers, if desired, and termination signals and the like. For insect cells, the 
bacculovirus system is preferred. For other eucaryotic cells such as yeast, the glycolytic 
enzyme promoters and various amino acid synthesis promoters are commonly employed. 
Procaryotic cells such as £ coli also may be adapted for expression of the receptor in the 
assay of the invention, for instance by using a reporter gene under the control of cyclic AMP 
and operably linked to the receptor via protein G such that toxin binding will interrupt adenyl 
cyclase activity and thereby produce a detectable change in reporter gene activity. The assay 
system in a prokaryotic host may require further modification to compensate for lack of 
glycosylate which is known to occur in insect cells where the BT-R, protein is naturally 
expressed. 

The cells are modified by transfecuon, retroviral infection, electroporation or other 
known means, to contain the desired expression system and then cultured under conditions 
wherein the receptor protein is produced and displayed. If desired, the ceUs are then 
recovered from the culture for use in the assay, or the culture itself can be used perse. 

In the assays, the modified cells are contacted with the candidate toxin and the effect 
on metabolism or morphology is noted in the presence and absence of the candidate. The 
effect may be cytotoxic - i.e., the cells may themselves exhibit one of the indices of cell death, 
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such as reduced thymidine uptake, slower increase in optical density of the culture, reduced 
exclusion of vital dyes (e.g., trypan blue), increased release of viability markers such as 
chromium and rubidium, and the like. The differential response between the toxin-treated cells 
and the cells absent the toxin is then noted. The strength of the toxin can be assessed by 
noting the strength of the response. 

These assays may be conducted directly as described above or competitively with 
known toxins. For example, one approach might be to measure the diminution in binding of 
labeled BT cry toxin in the presence and absence of the toxin candidate. 

In addition to simply screening candidates, the screen can be used to devise improved 
forms of toxins which are more specific or less specific to particular classes of insects as 
desired. The ability to determine binding affinity (K, and Kj), dissociation and association 
rates, and cytotoxic effects of a candidate allows quick, accurate and reproducible screening 
techniques for a large number of toxins and other ligands under identical conditions which was 
not possible heretofore. Such information will facilitate the selection of the most effective 
toxins and ligands for any given receptor obtained from any desired host cell. 

Competition assays may also employ antibodies that are specifically immunoreactive 
with the receptor. Such antibodies can be prepared in the conventional manner by 
administering the purified receptor to a vertebrate animal, monitoring antibody titers and 
recovering the antisera or the antibody-producing cells for immortalization, to obtain 
immortalized cells capable of secreting antibodies of the appropriate specificity. Techniques 
for obtaining immortalized B cells and for screening them for secretion of the desired antibody 
are now conventional in the art. The resulting monoclonal antibodies may be more effective 
than the polyclonal antisera as competition reagents; furthermore, the availability of the 
immortalized cell line secreting the desired antibody assures uniformity of production of the 
same reagent over time. The information and the structural characteristics of toxins and 
ligands tested will permit a rational approach to designing more efficient toxins and ligands. 
Additionally, such assays will lead to a better understanding of the function and the 
structure/function relationship of both toxin/ligand and BT-Rj analogs. In turn, this will allow 
the development of highly effective toxins/ligands. Ligands include natural and modified 
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toxins, antibodies (anti-receptor and antiidiotype antibodies which mimic a portion of a toxin 
that binds to a receptor, and whatever small molecules bind the receptors. 

Thr?Pf" tic Strategies 

Advantage may be taken of the ability of receptors to mediate the destruction, 

dissociation or association of cells, tissues or organs by utilizing the screening assay as a 
method to identify successful therapeutics in the treatment of, for example, malignancies, 
metastases and infectious microorganisms which naturally express receptors corresponding to 
BT-R,. The presence of receptors corresponding to the BT-R, receptor illustrated herein and 
members of the family of receptors included in the invention in the undesired cells may be 
exploited by first assessing the interaction of a proposed therapeutic with the receptors on 
these cells in culture and then identifying agents which successfully interact with the receptors 
as useful candidate reagents. Antibodies reactive with these receptors comprise a class of 
promising therapeutic candidates. 

In some applications target cells, tissues, organs, and microorganisms which do not 
express an effective receptor corresponding to the BT-R, receptor may be transformed or 
transfected to express an effective corresponding receptor. These targets then will be killed or 
manipulated with toxin or other ligands. For instance, yeast cells to be used for toxin assays 
for a particular insect may be transformed with a genetic construct for expression of the 
receptor from that insect which corresponds to the BT-R, receptor. 

In another aspect of the invention the receptors corresponding to BT-R, in certain 
target cells may be manipulated by modified toxin or other ligands to prevent the normal 
response to toxin (dissociation, damage and death of membranes, cell, tissues and organisms). 
For instance, a ligand which binds to a corresponding receptor in such a way that normal 
receptor function is inhibited would thereby prevent the receptor from initiating the usual 
destructive effects in the presence of a normal ligand such as a toxin. In other words, the 
invention enables development of competitive inhibitors of a toxin or other ligand which 
normally initiates destructive or other effects via a receptor corresponding to BT-R,. 

The following examples are intended to illustrate but not to limit the invention. 



WO 96/12964 



PCT/US95/13256 



- 10- 
Example 1 

Purification and Sequence Determination of RJ.W, Prfltfl 
Midguts of M. sexta were extracted and the BT-Rj protein purified according to the 
method of Vadlamudi, R.K. et a!. JBiolChem (1993) 268:1233, referenced above and 
incorporated herein by reference. The electroeluted band was confirmed to contain BT-R| 
protein by binding to m l-crylA(b) toxin. In gel electrophoresis, the protein bound to toxin 
had an apparent weight of approximately 210 kD under reducing and nonreducing conditions. 

The purified electroeluted BT-R, was subjected to cyanogen bromide digestion and the 
cyanogen bromide fragments separated on a 17% high-resoluuon tricine SDS-polyacrylamide 
gel as described by Schagger, H. et al. Anal Biochem (1987) 166:368. The separated 
fragments were transferred to Problott membranes (Applied Biosystems) and five bands were 
extracted and subjected to microsequencing using standard instrumentation. The amino acid 
sequences obtained were: 

1. (Met)-Leu-Asp-Tyr-Glu-Val-Pro-Glu.Phe-Gln-Ser-Ile-Thr-Ile-Arg-Val-Val- 
Ala-Thr-Asp-Asn-Asn-Asp-Thr-Arg-His-Val-Gly-Val-Ala; 

2. (Met)-X-Glu-Thr-Tyr-Glu-Leu-Ile-Ile-His-Pro-Phe-Asn-Tyr-Tyr-Ala; 

3. (Met)-X-X-X-His-Gln-Leu-Pro-Leu-Ala-Gln-Asp-Ile-Lys-Asn-His; 

4. (Met)-Phe/Pro-Asn/Ile-Val-Arg/Tyr-Val-Asp-Ue/Gly; 

5. (Met)-Asn-Phe-Phe/His-Ser-Val-Asn-Arg/Asp-Glu. 
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Examplc 2 

Pymverv of cDNA 

An M. sexta cDNA library was constructed from midgut tissue in Sgtl 0 using the 
Superscript Choice System according to the manufacturer's instructions (Life Technologies, 
Inc.). Degenerate oligonucleotide probes were constructed based on the peptide sequences 
determined in Example 1 using the methods and approach described in Zhang, S. et al. fieng 
(1991) J05:61. Synthetic oligonucleotides corresponding to peptides 1-3 of Example 1 were 
labeled with K 32 P using polynucleotide kinase and used as probes as described in the standard 
cloning manual of Maniatis, T. etal. Molecular Cloning. A Laboratory Manual (Cold Spring 
Harbor Laboratory, Cold Spring Harbor, New York, 2nd ed. 1989). A clone hybridizing to all 
three probes identified from 40 positive clones as hybridizing to all three of the probes was 
plaque-purified from a screen of 4 X 10 5 recombinants and subcloned into pBluescript 
(Stratagene). It contained an insert of 5571 bp. 

Double-stranded cDNA in pBluescript was sequenced in both directions by the 
dideoxy termination method with Sequanase (USB) according to the manufacturer's 
instructions. The sequencing showed an open reading frame of 4584 base pairs or 1528 amino 
acids along with a polyadenylation signal at position 5561 The sequence obtained and the 
deduced amino acid sequence is shown in Figure 1. 

Thus, the deduced protein has a molecular mass of 172 kD and a pi of approximately 
4.5. The amino acid sequences of the cyanogen bromide fragments of native receptor match 
perfectly within the deduced amino acid sequence. The open reading frame begins with an 
ATG that is flanked by the consensus translation initiation sequence GAGATGG for 
eucaryotic mRNAs as described by Kozak, M. Nucleic Acids fos (1987) 15:8125. 

As shown in Figure 1, the deduced amino acid sequence includes a putative signal, 
shown underlined, preceding the mature N-terminus Asn-Glu-Arg-etc. Eleven repeats (cadl- 
cadl 1) are shown in the extracellular region upstream of the membrane domain, shown with 
the heavy underline, at positions 1406-1427. The end of the 1 1th repeat is shown with an 
arrowhead. The positions of the five CNBR fragments are also shown under the complete 
sequence. 
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Figure 2 compares the BT-Ri sequence obtained herein with other members of the 
cadherin family. Like known cadherins, the external domain of BT-R, is highly repetitive and 
contains 1 1 repeats (cadi -cadi 1; see Figure 2 A). The other cadherins compared in Figure 2 
B are mouse P cadherin (mP EC1); Drosophilafat EC18 (fat EC18) and protocadherin (PC42 
EC2), and human intestinal transporter (HPT-l-EC-1). The eleven repeats of the cadherin 
motif in BT-Ri (cad 1 -cadi 1) are individually aligned with a single motif sequence from each 
of the other members of the cadherin family. Conserved residues are boxed. The greatest 
similarity of BT-R| to the cadherins is with the extracellular repeats of the cadherin motif of 
mouse P-cadherin, Drosophila fat tumor suppressor and the protocadherins, although 
homologies are not high (20-40 homology and 30-60 percent similarity). The conserved 
repeats of BT-R, included AXDXD, DXE, DXNDXXP, one glutamic acid residue and two 
glycine residues (Figure 2 B). Motifs A/VXDXD, DXNDN are the consensus sequences for 
calcium binding and two such regions are present in a typical cadherin repeat. In all repeats of 
BT-Rj, the sequence DXNDN is preceded by 8 to 14 hydrophobic amino acids. Similar 
hydrophobic sequences also have been observed in the cadherins. The length of the 
hydrophobic stretches suggests that these areas are not transmembrane regions buy that the 
represent J-sheet structures commonly present in cadherin-like repeats. BT-R 1 contains a 
putative cytoplasmic domain of 101 amino acids, smaller than vertebrate cadherin cytoplasmic 
domains (160 amino acids), and shows no homology to any of the cadherin cytoplasmic 
domains or to cytoplasmic domains of other proteins to which it has been compared in a 
current sequence data base. 

To confirm that the sequenced clone encoded full-length BT-R| protein, total mRNA 
was prepared from midguts of M. sexta subjected to Northern blot by hybridization with the 
antisense 4.8 kb Sad fragment of the BT-Ri cDNA clone. The Northern blot analysis was 
conducted by hybridizing to the antisense probe at 420C and 50% formamide, 5 X Denhardt's 
Reagent, 5 X SSCP and 50 Tg/ml salmon sperm DNA. The filter was then washed two times 
with 1 X SSC + 0.1% SDS and two times with 0. 15 X SSC + 0. 1% SDS at 420C. Each wash 
was roughly 20 minutes. The filter was then exposed to X-ray film for 24 hours. The 4.8 kb 
probe hybridized to a single 5.6 kb band. 
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The BT-Ri clone was translated using rabbit reticulolysate and the resulting translated 
products were immunoprecipitated with antisera raised against native protein encoded by 
BT-Ri. For the in vitro translation, pBluescript plasmid containing BT-Ri cDNA was 
linearized and transcribed with T 3 polymerase (Pharmacia). The translation was conducted 
according to manufacturer's instructions with nuclease-treated rabbit reticulolysate (Life 
Technologies, Inc.). After one hour of incubation at 300C, the reaction mixture was combined 
with an equal volume of SDS buffer or lysed with 50 mM Tris buffer containing 1% NP40 and 
250 mM NaCl (pH 8.0) for immunoprecipitation. Preimmune serum was used as a control. 
Translation and immunoprecipitation products were electrophoresed on a 7.5% SDS- 
polyacrylamide gel fixed, treated with Enhance (Dupont NEN), dried and exposed to X-ray 
film for 12 hours. 

Two protein bands of approximately 172 kD and 150 kD as determined by SDS-PAGE 
were obtained; it is postulated that the 150 kD translation product was due to initiation of 
translation from an internal methionine at amino acid.242. This is consistent with the 
observations of Kozak, M. Mol Cell Biol (1989) 9:5073. 

Thus, both results confirm that a full-length clone was obtained. 

Example 3 

ftpffn nhinant P roduction and Characteristics 
gftheBT-R, Protein 

The BT-Ri cDNA clone was subcloned into the mammalian expression vector 
pcDNAJ (Invitrogen) and the construct transfected into COS-7 cells. Membranes isolated 
from the COS-7 transfectants were solubilized, electrophoresed and Ugand blotted with 12J I- 
cryIA(b) toxin. The cells were harvested 60 hours after transfection, washed with phosphate- 
buffered saline and lysed by freezing in liquid nitrogen. Cell membranes were prepared by 
differential centrifugauon as described by Elshourbagy, N.A. et al J Bjql Chem (1993) 
266:3873. Control cells were COS-7 cells transfected with pcDNA3. 

The cell membranes (10 Tg) were separated on 7.5% SDS-PAGE blotted to a nylon 
membrane and blocked with Tris-buffered saline containing 5% nonfat dry milk powder, 5% 
glycerol and 1% Tween-20. The nylon membrane was then incubated with l2i hcryIA(b) toxin 
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(2 X 10 5 cpm/ml) for two hours with blocking buffer, dried and exposed to X-ray film at 
-700C. The labeled toxin bound to a 210 ± 5 kD protein; the 210 kD band was observed only 
in lanes containing membranes prepared from either M. sexta or COS-7 cells transfected with 
the BT-Ri cDNA construct containing 4810 bp of cDNA comprising the open reading frame. 

The discrepancy between the 210 kD protein expressed and the calculated 172 kD 
molecular weight is due to glycosylation of the protein; in vitro translation of the cDNA clone, 
as described above, which does not result in glycosylation, does produce the 172 kD protein. 
To verify this, the COS-7 produced protein was subjected to digestion with N-glycosidase-F 
by first denaturing the purified protein by boiling in 1% SDS for 5 minutes followed by 
addition of NP-40 to a final concentration of 1% in the presence of 0. 1% SDS t and then 
incubating the denatured protein in sodium phosphate buffer, pH 8.5 at 370C with 
N-glycosidase-F for 10 hours. Controls were incubated under the same conditions without 
enzyme. Digestion products were separated on a 7.5% SDS-PAGE and stained with 
Coomassie brilliant blue. This giycosidase treatment reduced the molecular weight of BT-Ri 
protein from 210 to 190 kD; this indicates N-glycosylation at some of the 16 consensus 
N-glycosylation sites in the protein. Treatment of BT-R| with O-glycosidase and 
neuraminidase did not alter the mobility of the protein. 

In addition, embryonic 293 cells were transfected with the BT-R| cDNA clone in 
pcDNA3 and incubated with the labeled toxin (0.32 nM) in the presence of increasing 
concentrations (0 to lO^ 6 M) of unlabeled toxin. Nonspecific binding was measured as bound 
radioactivity in the presence of 1 TM unlabeled toxin. A value for the dissociation constant 
(Kj) of 1015 pM was determined by Scatchard analysis; this is approximately the same value 
that was obtained for the natural receptor as described by Vadlamudi, RX et al J Biol Chpn 
(1993) (supra). 
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gxampig 4 

Physiological Effect of BT Toxin 
on Modified Embryonic 293 Cells 

Both unmodified embryonic 293 cells, and 293 cells which have been modified to 
produce the BT-Ri receptor as described in Example 3, when cultured in vitro form adherent 
star-shaped clusters. When BT toxin (200 nM) is added to serum-free medium, the clusters 
round up and release from the plastic surfaces of the culture dish. This effect is also observed 
under known conditions of cytotoxicity for 293 cells. The foregoing effect is observed only 
when the cells are cultured in serum-free medium since the toxin binds to serum and would 
thus be ineffective under conditions where serum is present. 

However, in the presence of anti-receptor antisera, this effect of BT toxin is blocked. 
Also, when serum is added back to a culture of modified E293 cells which has been treated in 
serum-free conditions with the toxin, the cells revert to their normal star-shaped adherent 
cluster shapes. This indicates that the effect of the toxin is reversible. 
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Claims 

1 . A polynucleotide in purified and isolated form which comprises a nucleotide 
sequence which encodes a receptor that specifically binds a Bacillus thuringiensis (BT) toxin 
wherein said receptor has the amino acid sequence of the receptor shown in Figure 1, or 
wherein said receptor is encoded by a nucleotide sequence that hybridizes under conditions of 
standard stringency to the nucleotide sequence shown in Figure 1 . 

2. The polynucleotide of claim 1 wherein said toxin is the cryIA(b) toxin of 

B. thuringiensis subsp. Berliner, or wherein said toxin is a modified form of BT toxin; or 
wherein said receptor is the BT-R t receptor of the tobacco hornworm Manduca sexto 

3. A recombinant expression system for expression of a nucleotide sequence encoding 
a receptor which specifically binds a BT toxin, wherein said receptor has the amino acid 
sequence of the receptor shown in Figure 1, or wherein said receptor is encoded by a 
nucleotide sequence that hybridizes under conditions of standard stringency to the nucleotide 
sequence shown in Figure 1, 

which expression system comprises said encoding nucleotide sequence operably linked 
to control sequences operable in host cells. 

4. Recombinant host cells modified to contain the expression system of claim 3. 

5. A method to produce a receptor which binds a BT toxin which method comprises 
culturing the cells of claim 4 under conditions wherein said receptor is produced; and 

optionally recovering said receptor from the culture. 

6. The method of claim 5 wherein said receptor is disposed at the surface of said cells, 
and wherein the cells are optionally recovered from the culture for use in an assay. 
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7. Cells expressing BT toxin receptor disposed at their surface prepared by the 
method of claim 6. 

8. A method to assess the binding affinity or cytotoxicity of a candidate pesticide for 
an insect receptor that binds BT toxin which method comprises contacting said candidate with 
the cells of claim 7 under conditions which permit binding to occur, and 

detecting the presence, absence or amount of said candidate bound to said cells, or 
assessing the cytotoxicity of said candidate with respect to said cells. 

9. A receptor which binds BT toxin produced by the method of claim 5 

10. A purified and isolated polynucleotide which comprises a nucleotide sequence 
complementary to a nucleotide sequence encoding a receptor which binds to BT toxin wherein 
said receptor has the amino acid sequence of the receptor shown in Figure 1 , or wherein said 
receptor is encoded by a nucleotide sequence that hybridizes under conditions of standard 
stringency to the nucleotide sequence shown in Figure 1 . 

11. A composition which comprises antibodies specifically immunoreactive with a 
receptor that specifically binds a BT toxin, said receptor encoded by the polynucleotide of 
claim 1. 

12. A method to modify target cells so as to render them susceptible to interaction with 
a BT toxin which method comprises modifying said cells to contain the expression system of 
claim 3; and 

culturing the cells under conditions wherein said receptor is disposed at the surface of 
the cells. 

13. Cells modified by the method of claim 12. 
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14. A method to exert a cytotoxic effect on target cells or on a tissue with which said 
target cells are associated; therein said target cells include, at their surface, a receptor that 
specifically binds BT toxin, which method comprises contacting said cells with the antibody 
composition of claim 1 1, or with an amount of BT toxin effective to interact with said 
receptor. 
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